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———— ‘j_ Why we study avian influenza A (H5N1)?

GIobaI patterns and dynamlcs of HgN1 HPAI (2003 — 2006)
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MARCH OF THE BIRD FLU  The avian influenza strain H5N1 is the world’s top
pandemic threat. Starting in China, in 2003 it began spreading through other parts of
Asia and by 2006 had shown up in Europe and Africa. Experts fear that H5N1, which has
killed fewer than 200 people, may mutate to a virulent form able to wipe out millions.

From David Quammen, How animals and
humans exchange disease -- Deadly Contact,
National Geographic, 10/2007
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Role of wild birds in avian influenza A
(H5N1)

H5N1 outbreak in wild birds, Qinghai Lake, Tibetan Plateau, China, 5/2005

REVIA

Highly Pathogenic H5N1 Influenza
Virus Infection in Migratory Birds

J. Liu,"*§ H. Xiao,™** F. Lei,>* Q. Zhu,® K. Qin," X.-w. Zhang,®
X.-l. Zhang," D. Zhao," G. Wang,>* Y. Feng,>* ). Ma,” W. Liu,2
J. Wang® G. F. Gao%

Avian influenza virus (AIV) involving at least
three subtypes, H5, H7, and H9, has emerged as
an important pathogen in the poultry indus-
try and is of major current global health
concern (/). The first case
report of chicker-to-human
transmission was in Hong
Kong in 1997 (2); since
2003, H5N1, a highly path-
ogenic AIV, has emerged
in 10 Asian countries, in-
cluding Thailand, Vietmam,
and China (Fig. 1), and has
claimed at least 53 human
lives. Until recenty, migra-
tory waterfowl seemed to
be exempt from widespread
infection, although sporadic
cases were recorded (3).
Here we describe an out-
break of highly pathogenic
H5NI infection among wa-
terfowl in Lake Qinghaihu,
Gangcha County, Qinghai
Province, in westem Chi-
na (Fig. 1).

On 4 May 2005, a few
birds were found dead on
Bird Island, and by the end
of June more than a thou-
sand birds were affected.
This lake is one of the most
important breeding loca-
tions for migratory birds that overwinter in
Southeast Asia, Tibet, and India (Fig. 1). Several
species were infected, including the bar-headed
goose (Anser indicus), great black-headed gull
(Larus ichthyaetus), and brown-headed gull

lesions in bar-he:

Several HSNI viruses were isolated from the
viscera, brain, and swabs of the oropharynx
and cloaca of sick and dead birds. Four of the
isolates from different bird species were com-

Fig. 1. (A) The reported HSN'1 AV prevalence sites during the 2004 outbreak in China are
highlighted in yellow (8). Arrows indicate the migratory routes of the bar-headed goose (A
indicus) to Lake Qinghaihu. (B) A sick bar-headed goose showing typical opisthotonus before
dying. (C) Bar-headed goose pancreas with pin-point necotic lesions (arrow). (D) Microscopic
led goose brain, showing congestion in the blood vessels

glial cell infiltration (black arrow). Hematoxylin and eosin x25 (scale bar, 50 pm).

pletely sequenced (4) and appeared to be close-
ly related. None of the GenBank sequence data
for known H5NI AIV genomes completely
matched our sequences, implying the viruses

(Larus brunnicephalus). Two key symptoms
were noticed: abnormal neurological signs (trem-
or and opisthotonus) and diarthea. Among the
gross lesions, pancreatic necrosis was obvious
and was confirmed by tissue section where
extensive areas of lytic necrosis were seen,
col ent with pathology observed in do-
mestic geese and ducks infected with HSN1
ALV (3). Brain sections revealed glial cell
infiltration, perivascular cuffing, and conges-
tion in the blood vessels. Serological tests (4)
from one bar-headed goose and one brown-
headed gull confirmed the presence of high-
titer antibody against HSN1 AIV.

are Five of the eight genomic
segments (M, PA, PBI, PB2, and NS) were
closely related to a Hong Kong 2004 isolate
(A/peregrine falcon/HK/D0028/04) (3). We ob-
served several characteristics in our four iso-
lates: first, the sequence PQGERRRKKR/G,
denoting multiple basic amino acids at the
cleavage site of the hemagglutinin; second, a
virulence island in the PB2 gene, E627K, first
seen in Hong Kong in 1997 (5); and third, a
deletion of 20 amino acids in neuramidase
(amino acid positions 49 to 69), also associated
with high virulence.

To test virulence, mice and chickens were
infected with the BhGoose/QH/1/05 (4) isolate.

(white arrows) and

All eight infected chickens died within 20 hours,
and seven of eight infected mice died within
72 hours; the last died 96 hours post-infection.
Earlier isolates taken from ducks in China were
less virulent in mice and chickens (6). Hence
we speculate that viruses might be emerging
from reassortants that originate in birds over-
wintering in southeast Asia (7).

The occumrence of highly pathogenic H5N 1
ALV infection in migrant waterfow] indicates
that this virus has the potential to be a global
threat: Lake Qinghaihu is a breeding center for
migrant birds that congregate from southeast
Asia, Siberia, Australia, and New Zealand.
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Bar-headed goose

Are migratory wild birds victim or vector
of HPAI H5N1?
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In China's Backcountry,
Tracking Lethal Bird Flu

Five years after flu devastated wild binds in China, researchers have confirmed one

likely transmission rowute

QINGHAI LAKE, CHINA—The lake glitiers
ke 2 sapphire under a blue sky 25 brds eir-
ele near the shore, On the rocky beach, two
researchers ane tying a GPS transmitier to the
hack of 8 amall gray duck. They will track
s migration by satellite, part of 3 serles of
nvestigstions that began afler highly patho-
gende avian influenzs (HSN1 subtype) first
swepl the region in 2005,

The dudies aim topinpodnt the viral reser-
vodr and the role that wild birds play intrans-
mission. “The lake has sttracted the whole
world's researchens o keepa close eye on
i, saye He Yobang, vice director of Admin-
ttrstion of Chinghal Lake Chiness Mational
Natwre Reserve. Mo redervolr has yet been
found, but trandmission routes have come
it lesrer focus.

The emergence of HSN1 was a disaster
for wildlife and humans alike. Since 2008,
H5M1 haskilled 300 people, inchding 18 50
far this year, aceonding to the World Health
Organi zation. More than 2 50 million infected
domestic pouliry have been culled, and dou-
samdla of wild birds have been fellad. In 2005
alone, more than 600 wild birds st Qinghad
Lake died, “the single large st HSN1 wild bird
monality event that has ever oocumed”™ syvs
Seott Mewman, an antmal health officer for
the TN Food and Agriculture Organteation
{FADY) in Rome.

HSM1 was first {solasted in 1996 from a
domestie goose in Chinak Guangdong Prov-
ince. The nest year, the vine spread o people
in Hong Kong. Afer byving kw, HSN1 flared
in AWkt insevera | Astan nations. Tt kills shout
s those infecied but does not spresd ess-
ily From person to person The vims has been
held in check by poultry vaccination and bet-
ter hushandry, but 16 couniries, including
Chinaand Romsanda, have repored HSN 1 out-
breala in poultry so far this yesr. & constant
worry B that the virus will mstste inloa mone
tramam Badble form among horans.

Because (dinghai Lake sits within
the eastern porton of the Central Asian
Flyway—which reaches from India and Ban-
gladesh to Busils—some expents suspect it
B a focal point of viral iransmission. (thers
question whether wild birds play a major role
in HSN 1 dispersal, suppesting thal the vimus

WS ORI O]

spreads primarly among pouliry (Science,
21 Deetober 2005, p 426). To date, all homen
caed butone have been associsted with espao-
sure to pouliry or found on farms. Research-
eri now believe that wild waterfow! on the
exztern portion of the Central Asian Flyway
help spread HSN1 into Mongaolts each spring
a3 they mdve across the Qinghal-Tibetan pla-
fessu o the nonth andesst sas Newman The
role o wild wite efioaw] on the other o or fly-
wary 13 s certain

Pouhry production i on the rite in Adla
are farming, trade, and the mixing of wild and
domestichinds. “A1 ofthem are incressing the
apporiunities for viral rammisson and per-
sfence,” sy Xiso Xisngming, 3 landscape
eoplogist and remode sensing expert at the
Undversdty of Ok lahons, Nosman.

Bvery summer, mosethan 100, 00 migra-
tory birds descend on (inghai Lake, China's
largest inland body of salt water. Half the
Iirds that died here in X405 were bar-headed
geede (dnser indicus), says Lei Fu-Min,
an omithologia st the Institute of Zool-
ogy of the Chinese Academy of Sclences.
Yan Bsoping, chiel enginesrat the Compuier
Metwork Information Center in Befjing, led
an academy beam that st up a monioring
network after the die-off. The nest yeariners-
national seientists joined the effon. To date,
the team led by FAChand the U8, Geological
Survey has racked more than 525 watker fowl
from 24 speciesin 11 countries

In the past § years, the involvement of
wild binds has become clearer, Led says.
“The H5N1 strains from wild binds that
sulsequently arrived in Asts and Bastern
Europe wene mosat like the HSN1 strains of
Cpinghai Lake™ fur from large poultry Farms,
he says. GPS data on migration paths ame
now belng used for the fird tme 1o explon
the relationships between & Merent groups
of binds and their interactions with domes-
tie fowl, says Diann Prosser, a biologist st
USGES Patucent Wildhfe Resssrch Center
in Beltville, Marylnd. This year, she says,
et he s leamed that the majority of bar-
headed geese tagred s (Hinghal spend their
winters in the Lhasa reglon of Tibet, south
of the lake. These winkerng grounds have
domeste pouliry and caplive bar-headed

SCIENCE WOL 330
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ewsrocus [l Can wild birds carry HPAI H5N1
along migratory pathways?

gooae farmi—and HSM1 outbreaks have
beenneporbed thene, sugpesing apath for the
virus o move from captive 1o wild bisds.

Southeas of Lhasa, the mddy shelduck
ey help explain the virus b spresd, ssyvs John
Takekawa, an ecologist &t TSGSS Wesern
Boologieal Research Center. In sutumn and
winter the ducks gather st Povang Lake in
the lower resches of the Yangtes River within
the East Asia Flyway { Science, 23 October
AW, p. SOK). Chinghad straing can be raced
o o early drain from Poyang based on the
genomie analysts, Led said. But recent work
suggests that the viral reservodr may lie far-
ther i the north, in Siheris—an ares shaned
Ty beivth mcsf oo Astan fywanys—or that snother
as- yet-unstudied migratory bnd may becar-
rying the virus from ke tolake. Since 2004,
a0 has led an inemational besm Lo develop
an early-warning sysem for HSN1 in Ada
focusing on agricul-
tural and ecolegical
sk factors.

ing of wild bind dis-
tribution, habitat
s, and did by move-
ments, MNewman
says. And the human

lleanding D'inghai Lake with GPS frand mitlers

mle—including population growth and
o vzt n— et et beetter sccounted for,
says Take kawa. Why some people exposad
i the virus become infecied and others do
o “a atil] an unsolved question,™ says Shu
Yielong, director of the Nationa] Influenza
Center of the Chinede Center for Disease
Control and Prevention China has launched
a nationwide mondoring network to check
poultry markets for HSN1. That's & good
art, but what's neaded 13 a globa] networlk,
sys Shu, Iimuos get starbed now, he sas,
“withow delay™ - a0
L] s wwilter i Bieiing.

15 OCTOBER 2010

camag.org on October 14, 2010

GPS-transmitter to track wild
bird migration

33
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Satellite telemetry of waterfowl

Capture and mark waterfowl to study
their local movement, habitat use, and
migration in relation to potential HAPI
H5N1 spread

Qinghai Lake, China

Bar-headed geese (Anser indicus)
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Role of domestic ducks in avian
influenza A (H5N1)

There are lots of domestic free-range ducks in post-
harvested paddy rice fields.
== Healthy ducks may carry H5N1 virus
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GPS receivers to track free-grazing ducks
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Mapping Croplands and Wetlands

Cropping Intensity map in 2004

Vegetation Indices

Vegetation Indices
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Epidemiology - Identify hot-spots and hot-times of H5N1 HPAI

L

Screenshot taken in Gooegle Earth({TM)

Agriculture - bird flu

These figures show that HSN1 outbreaks in
Thailand and Vietham were concentrated in those
area with multiple cropping systems, in particular,
multiple paddy rice system.

Traditionally, free-grazing duck system is closely coupled with multiple paddy rice cultivation,
which provides foods and water year-around for ducks. The paddy rice — duck system
dominate much of Southeast Asia countries.



Risk assessment of infectious diseases through spatial modeling
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Spatial epidemiological model input data: chicken density, duck density, cropping
intensity, human population, and elevation(from Gilbert and Xiao, et al., 2008, PNAS)
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Decision support system in FAO
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Preparedness and surveillance remain essential. This is no PRO-POOR HPAI
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To develop the OU EOMF data portal and link it with FAO EPRES-i data portal
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Earth Observation and Modeling

NS Project Accomplishment & Deliverable

1. Data portal at the Earth Observation and Modeling Facility
2. GeoHealth module
3. Geo-Referenced Field Photo Library

4. iPhone App for field photos and metadata




Geo-Referenced Field Photo Library
at the University of Oklahoma
(http://www.eomf.ou.edu/photos)

A citizen science data portal for sharing and
archiving geo-tagged field photos of cropland,
rangeland, forest, wetland, water body, wildlife,
village, urban, fire, drought and flood in the world.
All photos are linked with MODIS satellite images.
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Geo-referenced field photos & satellite
images are used to map land cover types
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Community Remote Sensing and
Citizen Science

Connecting Citizen Science and Community Remote Sensing

Global MODIS datasets (2000 — present)
Global Geo-Referenced Field Photo Library
Millions of GPS smartphones and educated users
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| Smartphone App (iPhone) -- FieldPhoto
Share field photos Upload field photos
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GeoHealth module

» Informatics approach to integrate
disparate sources of datasets
» Data visualization

Disparate datasets

= Highly pathogenic avian influenza
H5N1 data

= Human population

= Poultry, pigs,

= Satellite telemetry of wild birds
- Wild bird migration

= Satellite-based mapping of
agricultural land use - paddy rice

= AlV surveillance data (GenBank,
OpenfFlu)

= Market chain data

= Geo-tagged field photos

= Weather and climate
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Data Integration and Visualization over Google Earth
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Data Integration and Visualization over Google Earth
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This 3D global view shows three diffrent datasets:

« Ecohealth Paper Data
« Avian Influenza H5N1 is represented using Geese, Chicken, Human icons respectively for
Wild birds, Domesticated birds and Human cases.

Data Disclaimer

1. Wid bird migration data are provided by FAO and USGS, http://www.worc.usgs.gov/Research TopicPage.aspx?id=12
2. HPAI H5NT disease outbroak data are provided by the FAO, hitp-//www.fao
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Data Integration and Visualization over Google Earth
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This 3D global view shows three diffrent datasets:

« Ecohealth Paper Data
« Avian Influenza H5N1 is represented using Geese, Chicken, Human icons respectively for
Wild birds, Domesticated birds and Human cases.

Data Disclaimer

1. Wild bird migration data are provided by FAO and USGS, http://www.werc.usgs.gov/ResearchTopicPage.aspx?id=12
2. HPAI H5N1 disease outbreak data are provided by the FAO, http //www.fao.

H5N1 cases & wild bird migration data
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GeoHealth module

Dynamic overlay of geospatial datasets

1. HS5N1 outbreak case data,
2.  Wild bird migration data,
3. Agro-ecological risk factors,
4. Risk maps from spatial
epidemiological models
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Broader Impacts of the Project

1. Community remote sensing and citizen science

2. Campus-wide GIS Day 2012, 2013 at the University of Oklahoma




The Geo-Referenced Field Photo Library is now used by other projects.

Field Photo Weekends

CoCoRaHS - 15,000 volunteers who regularly collect in-situ data of precipitation

SCIPP
EOMF

Partnership among scientists, stakeholders and citizen scientists

© OO [ garth Observation and Mod f CoCoRaHs - Community Co ) Southern Climate Impacts #

C &[] www.southernclimate.org/fieldphotos/
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Field Photo weekends

We all take observations of the weather each day, but have you ever wondered how the weather relates to the world around
us? Our data can tell us a lot about balance. Is there enough rain or too much? Is the hailstorm big enough to cause damage?
How is the snowpack doing and what will that mean for next year's water supply? But to truly understand the relationship
between weather and our landscape, nothing beats a set of eyes.

- climate impact research (drought, flood)
- web data portal and service
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Global Geo-Referenced Field Photo Library

Welcome, you are xia02007
Home | Browse | Map | xia02007's Photos | Upload | Log out

The objective of this website is to develop a citizen-based Global Geo-Referenced Field Photos Library. Users can upload,
query and download geo-referenced field photos in the library, and use the resultant geospatial data for land use and land
cover analysis in a geographical information system. Users who provide photos can decide whether individual photos are to
be shared or not. A registered user could upload photos into the library and has access to more field photos in the library than
a guestuser.

to the Field Photo Library

We invite you to participate in an event to create a national picture of our landscapes. We would like to get as
s we can to take pictures of water bodies, fields, forests, or any other facet of our environment that you believe represents
the conditions around you. It could be a picture of your favorite fishing hole, a nearby farmer’ field, or a nice secluded spot
amongst the trees. All of these landscapes are affected by rainfall, or in the case of many places this year, the lack thereof. So
why are we doing this?

First of all, it is wonderful to be able to appreciate nature's beauty and to be able to see the world around us. But having
everyone taking pictures at approximately the same time allows us to see this landscape as it relates to the things we measure
- how it compares to the amounts of rain that have fallen or f it looks like we might expect according to the UL.S. Drought
Monitor. Is the land around you as green as the satellite seems to think?

“This is the first of what we hope will become a somewhat regular event. So while the weather around you may seem normal
this year, these photos might give you (and us) a point of reference for what is maybe different next year or in another season.
‘There is no obligation to participate in future Field Photo Weekends, so we encourage everyone to give this one a try and see
how it goes.

Taking Photos

S0 what makes a good picture for a project like this? Photos should tell the story of the field or landscape, anything that you
feel is representative of the world around you. Just as you do not find the deepest snowrift for your snowfall measurements,
you should not fiind the vegetation that is in the worst conition for your pictures. We want to see what it may look like
walking through a field, where some things may be in better condition than others. So if you see a dead tree, a bunch of trees
that are dropping some leaves, and a heavily watered tree with lush green leaves, we want the picture showing the ones
dropping leaves.

Photos can be of any of the following:
A water body, showing how much water it is currently holding and where the natural bank might be. For example, a
farm pond showing the ring of bare soil around it that is usually submerged.

A tree, showing the health of its leaves. It may be a tree in your front yard, one in a nearby park, or something over
in the woods, whatever you think tells the story about how it i faring this year.

Afield, such as a pasture, meadow, or crops. After all, this is Field Photo Weekends". The photo should show whether
vegetation is brown or green, if soil is becoming exposed, if seeds are burnt up, or if vines are withering.

A panorama, or series of pictures from a single spot looking in each direction (north, east, south, and west - and

T (1540-9295-10-6-covL.pdf * & show Al

« Aboutyour GPS camera and smartphone [pdf]
« How to use Field Photo Library (upload, edit, query, download) [pdf)

« How to take field photos for monitoring land use and land cover changes [pdf]

« How to take field photos for monitoring water quality and harmful algae blooms [odf]

Field Photos Projects

Field Photo Weekends 4f

-

Sept 1,2,3

For additional information, please visit COCoRaHS and SCIPP websites

Please read this article "A Library of Georeferenced Photos From the Field", AGU, EOS, 12/6/2011 [pdf]
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cocorahs.org

o CoCoRas - Community C Southern Climate Impacts ©

Home | States | View Data | Maps My Data Entry | Login

Welcome to CoCoRaHS! “Volunteers working together to measure precipitation across the nation.”

Measuring Reference Evapotranspiration
o oo v | O

6340 daiy

3!

Webinar Series

Purchase an offical
CoCoRaHS 4" Rain Gauge

The ol CoCohats
i Gaogesppier
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f fiom s meteorologistand
fellow CoCoRaHS Oserver

Purchase an official
(CoCoRaMs 4" Rain Gauge|
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COCORAHS NOW IN CANADA!
The saying "Rain doesn't fall the same on all" really proves o be true. How
often have you seen it rain in your neighborhood and a few blocks away nota

drop has fallen et
Itis exciting to see that CoCoRaHS has expanded across the United States at

a rapid pace over the past few years and is now the largest provider of daily | \eatherwise
precipitation observations in the country. Even more exciting is the expansion oithe

of CoCoRaHS to our neighbors to the north. In December 2011 COCORHS | cocapuis arice
Canada began with the province of Manitoba. Other provinces will follow in | and find out more sbout

the not too distant future. Weatherwise Magazine
So when you have the chance please tell a friend or neighbor about this
exciting grassroots effort to measure precipitation in the backyards of citizens
from the Atiantic to the Pacific. It's easy o join, takes only five minutes a day
and is a fun way to leam about this wonderful natural resource that falls from
the sky. We are striving to have 30,000-40,000 active observers by the end of
2013 which will give us an ever clearer picture of the amount of precipitation

eld Photo
ends "
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p — What is next?

Since highly pathogenic avian influenza A(H5N1) outbreaks in
China and Southeast Asia in 2003, our disease ecology research
in avian influenza has been supported by FAO (2005-2006), NIH
Fogarty International Center (2006-2013, R01) and NIH National
Institute of Allergy and Infectious Diseases (NIAID, 2013-2017,
RO1).

This NASA-funded feasibility study project has demonstrated the
potential of Earth observation data and satellite telemetry data
in understanding and modeling transmission dynamics and
spillover risk of avian influenza at the human-animal interface.

Full integration of the EOMF data portal with the FAO EMPRES-I,
with additional support in the future from NASA and other
funding agencies, will better address the diverse needs of
researchers, stakeholders, citizens, and decision makers for
pandemic preparedness of avian influenza and other zoonotic
infectious diseases.
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